Recent reports have suggested an association between cryptosporidiosis and water supplies in the United States, the USSR, and the Caribbean (9, 18, 22) . The presence of Cryptosporidium oocysts in water supply sources, indicating the potential for waterborne transmission, would be a matter of concern for public health and to purveyors and regulators of public water supplies.
Cryptosporidium sp. is a protozoan parasite of animals and humans and an agent of acute enterocolitis (21) . Reports indicate that it causes diarrhea in children and adults worldwide (16, 20 ; D. P. Casemore and F. B. Jackson, Letter, Lancet ii:679, 1983). Prevalence of human cryptosporidiosis reported after examination of stool specimens from over 15,000 individuals in separate studies in Europe, the United States, and Canada ranges from 1 to 5% (14, 19, 23, 35 ). The disease is normally self-limiting in immunocompetent individuals, but it is potentially life threatening in immunocompromised individuals such as patients having had organ transplants, or cancer chemotherapy, or patients with acquired immune deficiency syndrome (8) . No effective chemotherapeutic agents have yet been found (5) . No data have been reported on the dose of Cryptosporidium oocysts that is infectious to humans. However, as few as 10 Cryptosporidium sp. has numerous animal hosts, including nearly 40 species of domestic and wild animals (1, 30) . Evidence indicates that the genus has few species, only two of which infect mammals, the most common being C. parvum. Evidently, C. parvum has broad cross infectivity among many host species (31, 33) . Cryptosporidiosis in humans has been considered a zoonosis, i.e., a disease acquired by humans from animals (2, 25, 32) . However, this pathway is not the only means of transmission, as indicated by clusters of cases among children attending day care centers (6) . The Cryptosporidium life cycle includes a complex sexual and asexual reproductive phase in the intestine * Corresponding author.
of host animals and the formation of environmentally hardy, infective oocysts that are excreted in the feces (7). The oocysts have been found to be resistant to chemical disinfectants (4, 10, 24) .
Cryptosporidium oocysts are spherical (in C. parvum, about 3 to 5 ,lm in diameter) and are shed in numbers of up to 105 to 107 oocysts per g in calf feces. Various staining procedures for the identification of Cryptosporidium oocysts in fecal smears have been reported elsewhere (3, 11, 15, 29) . However, locating and identifying small numbers of oocysts against a background of numerous extraneous particles isolated from a river or lake water sample present problems for which conventional staining procedures applied to glassslide-mounted material are not well suited.
In the work described here, we modified procedures developed previously for Giardia lamblia monitoring (17, 27) . We applied membrane filtration, centrifugation, and density gradient sedimentation procedures to concentrate particles, including Cryptosporidium oocysts, from river water samples. An indirect immunofluorescence assay (IFA) procedure, developed for use in identifying Cryptosporidium oocysts in fecal smears (29) , was used.
MATERIALS AND METHODS
River water sampling. River water samples (approximately 20 liters each) were collected from six sites in Washington State and California (Fig. 1) IFA procedure. The IFA procedure was applied to particles on the filter surface while the particles were in the in-line filter holder. Rabbit antiserum against Cryptosporidium oocysts (purified from dairy calf feces) was prepared as described elsewhere (29) . With the exit port of the in-line filter holder stoppered, 0.6 ml of the rabbit antiserum ( Estimated oocyst concentrations in the river water samples ranged from 2 to 112/liter (x = 25.1, s = 30.6, n = 11) ( Table 1) . Cryptosporidium oocysts meeting the identification criteria were also found in some of the unseeded samples. The concentrations found in negative controls ranged from 0 to 16/liter (x = 3.9, s = 6.3, n = 6). 
DISCUSSION
This study demonstrates that, during July and August 1985, Cryptosporidium oocysts were present in six rivers in Washington and California. Oocyst presence in three of the Washington rivers, the Snoqualmie, Skykomish, and Snohomish, was expected because of our previous investigations (29) of Cryptosporidium infections in dairy cattle living immediately upstream of the water sampling locations. Oocyst presence in the other three rivers was not unexpected. The Skagit River sampling location is also downstream of large dairy farming areas, although no information is available on the prevalence of infection in those areas. Sampling locations on the Sacramento and American rivers in California are in the midst of a large urban area and downstream of major agricultural areas that include livestock activity. In addition, the reported occurrence of cryptosporidial infections in household pets (34) The procedures used for the isolation and identification of oocysts were effective but were not without problems. The procedures are based on procedures described previously for G. lamblia (17, 27) , but membrane filters are used for particle collection and IFA oocyst identification. Oocyst recovery rates, ranging from about 5 to 20% as determined from positive controls, have permitted detection of oocysts in 20-liter samples. This sample volume is small compared with that needed for procedures applied to G. lamblia, i.e., from 200 to 4,000 liters (17, 28) . A sample volume of transportable size is clearly of advantage in that it permits samples to be processed in the laboratory. Field filtration is required when sample volumes exceed 20 to 40 liters.
The limit of detection of this procedure can be estimated at 0.5 oocysts per liter, or about 1.9 oocysts per gal, given the average oocyst recovery rate found in this study (10%) and a 20-liter sample volume. Whether this limit is sufficiently low may be judged relative to a commonly assumed level of human water consumption, i.e., 2 liters/day. Proportionate reduction of the detection limit would result from a consistent improvement in the recovery rate or from an increase in sample size. We expect that experience gained by processing increasing numbers of samples will lead to both more consistent and higher recovery rates.
Occasional false-positives (e.g., oocysts present in samples of distilled water) were encountered. We believe these false-positives were due to oocyst carry-over between samples or to inadequate cleaning of common processing components. Despite these occurrences, a statistical comparison by the Wilcoxon-Mann-Whitney test of the sample results reported here shows that the difference between oocyst concentrations found in river water (x = 25.1, s = 30.6, n = 11) and those found in controls (x = 3.9, s = 6.3, n = 6) was significant (P < 0.005 for a one-sided test; P < 0.01 for a two-sided test). Nevertheless, care must be taken to clean common processing components effectively between tests and to include sufficient negative controls. The time required for thorough microscopic examination of a single filter (diameter, 25 mm) at x 250 at a rate of aboout 15 to 20 s per field is about 6 h. The time increases with increasing numbers of particles on the filter. The oocyst size, 3 to 5 ,um, does not permit the use of a lower magnification. In preliminary tests, we found that the use of 13-mmdiameter filters is practical as long as sample turbidities are low and particle separations are effective. Under these conditions, examination of an entire 13-mn-diameter filter can be accomplished in approximately half the time required for examining half of a 25-mm-diameter filter.
Analysis of river water samples from the western United States shows that Cryptosporidium sp. should be considered a waterborne organism. The presence of Cryptosporidium oocysts in water could have significant consequences for public health. Further work is needed to define the geographical and temporal distribution of Cryptosporidium sp. in water and to assess the viability of waterborne oocysts.
With membrane filtration and IFA procedures described in this pilot study, Cryptosporidium oocysts can be located and identified in 20-liter samples of river water, with a limit of detection of about 0.5 oocysts per liter. Further work is needed to improve the limit of detection, to increase the percentage of recovery, to reduce the variability in recovery rate, and to reduce the time required for sample processing and microscopic examination.
